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Purpose: Improvements in insulin resistance have been observed by following lifestyle
modiﬁcation (LM) for adults with metabolic syndrome (MetS). However, these improvements are associated with relatively intensive and long-term duration LM, which is unlikely
to be a part of routine practice for most people. This study examined the impact of a shortterm (eight-week) low-intensive LM program on anthropomorphic parameters and insulin
resistance in a community-based population.
Patients and methods: A total of 174 adults (67 with MetS) were enrolled in this
retrospective observational study. The effects of the eight-week LM program on anthropomorphic parameters and glucose homeostasis were investigated.
Results: After the LM program, most anthropomorphic parameters in both groups were
signiﬁcantly improved (P<0.05). Glucose homeostasis signiﬁcantly was improved (P<0.001)
in the MetS group. A change in the homeostasis model assessment of insulin resistance
(HOMA-IR) was positively associated with the baseline HOMA-IR level (R=0.75,
P<0.001).
Conclusion: A low-intensive eight-week LM program is an effective and efﬁcient way to
improve the anthropomorphic parameters and to reduce insulin resistance, especially for
adults with MetS.
Keywords: lifestyle modiﬁcation, insulin resistance, glucose homeostasis, metabolic
syndrome
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Throughout the world, the prevalence of metabolic syndrome (MetS) is dramatically
rising.1 Dr Reaven ﬁrst deﬁned the term “syndrome X” in 1988 with simultaneously
grouped risk factors such as abdominal obesity, insulin resistance, elevated blood
pressure (BP), and obesity-related dyslipidemia.2–4 The core defect of syndrome X,
later termed MetS, is insulin resistance, which is highly correlated with type 2
diabetes and atherosclerotic cardiovascular disease.5 The beneﬁts of exercise and/or
caloric restriction to improve insulin resistance and glucose homeostasis are well
established for adults who are overweight and obese.6–8
To address the worldwide trend of MetS, multiple studies have reported intensive lifestyle modiﬁcation (LM) programs in obese patients and proved that intensive intervention positively promoted weight loss and reduction of MetS.9–12 For
example, after 6 to 12 months of a diet with/without exercise intervention, the
prevalence of MetS decreased between 31% and 52.4% in intervention
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group.9,10 However, it must be noted that the previous
studies provided relatively intensive LM for participants,
which was unlikely to be a part of routine practice for
most people in many countries, not only in the degree of
intensity but also the duration. Moreover, some studies
reported that long-duration interventions tend to have
high attrition rates (around 40%), and dropout rates as
high as 50% for weight-control programs could be
expected in community-based interventions.13,14
This study aimed to examine whether a short-term
(eight-week), low-intensive LM program for a communitybased population could achieve weight reduction, regression
of MetS, and improvement in insulin resistance.

Patients and methods
Study participants
This was a retrospective observational study which was
approved by the Institutional Review Board of Taiwan
Adventist Hospital. Participants of this study included
198 volunteers who used to be with sedentary lifestyle at
the NEWSTART Exercise Center of Taiwan Adventist
Hospital from May 2015 to August 2017. Each of them
attended an eight-week LM program, which including
exercise and diet regimen. Individuals who had been treated with antihypertensive, antidiabetic, or antihyperlipidemic agents were excluded. Individuals were not
enrolled if they were younger than 18 years of age, less
than 150 cm in body height, and had acute illness or
complications of chronic diseases (such as known heart
diseases or anemia with hemoglobin <8.0 g/dL). All the
exclusion criteria could affect intensity and efﬁciency of
the exercises. Pregnant or breastfeeding women were ineligible as they could affect the changes in body weight. In
addition, neither of them was a smoker, and who were not
allowed to use any weight loss medications/supplements
during eight-week LM programs. All volunteers had provided written consent for participating in the program.
This study was conducted in accordance with the
Declaration of Helsinki.

Diet and exercise program
All participants were asked to record a baseline diet and
exercise log before intervention. Participants chose their
own diet throughout the program, although education on
the principles of a healthy diet was provided by registered
dieticians every week, and participants were encouraged to
decrease intake of calories.
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Each participant would do exercise three times per
week, every two days, at least 150 mins/week. The exercise program included jogging or rhythmic aerobic exercises set to beat music (such as SPINNING®). During
each session, participants were advised to achieve approximately 70% of their maximal heartbeat rate for a minimum
of 30 mins. Maximum heartbeat rate was estimated from
the formula 220–age (years) with a standard deviation of
10–12 beats/min.15

Data collection
Before and after the program, trained staff would measure
the participants’ height, weight, and waist circumference
(WC) in light clothing without shoes and after emptying
the bladder. Body mass index (BMI) was calculated as
weight (in kilograms) divided by squared height (in square
meters). The body fat percentage (BFP) and body muscle
mass (BMM) were measured by the same bioelectrical
body composition analyzer (TANITA® BC-418; TANITA
Corp., Tokyo, Japan).
For pre- and post-program laboratory tests, overnight/
8-hr blood samples were obtained from the antecubital vein
of the arm for measurement of fasting plasma glucose (FPG),
serum insulin (FSI), total cholesterol (TC), triglyceride (TG),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), uric acid (UA), creatinine
(Cr), serum glutamate pyruvate transaminase (S-GPT), and
hemoglobin (Hb). Renal function was recorded as estimated
glomerular ﬁltration rate (eGFR) using the MDRD (modiﬁcation of diet in renal disease) study equation.16 Homeostasis
model assessment of insulin resistance (HOMA-IR) was
calculated as follows: (FSI × FPG)/405, where insulin is
expressed in mIU/L and glucose in mg/dL.17

Metabolic syndrome
MetS was deﬁned according to the National Cholesterol
Education Program adult treatment panel III updated guidelines as the presence of three or more of ﬁve risk factors: (1)
WC >90 cm (men) and >80 cm (women) (ethnic criteria for
Asians); (2) Fasting TG  150 mg/dL; (3) HDL-C
<40 mg/dL (men) and <50 mg/dL (women); (4) systolic
blood pressure (SBP) ≥130 and/or diastolic blood pressure
≥85 mmHg; and (5) FPG >100 mg/dL.18,19

Statistical analysis
Numeric values were presented as mean±standard deviation (SD), with categorical values as n (%). The differences in clinical and laboratory characteristics between
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MetS and non-MetS groups were analyzed using independent t-tests or Mann-Whitney U tests for parameters withnormal or skewed distributions and analysis of variance
for numeric data and Chi-square test for some categorical
data. The degrees of association among independent variables for baseline HOMA-IR and the improvement of
HOMA-IR, including age, gender, BMI, WC, SBP,
eGFR, BFP, BMM, TC, TG, LDL-C, HDL-C, UA, and
S-GPT were assessed by multiple regression analyses.
A P-value of <0.05 was considered statistically signiﬁcant.
Statistical analysis was performed using SPSS statistical
software (version 22.0, IBM Corp., Armonk, NY, USA).

Insulin resistance was associated with
high TG and BMI

Results
Baseline demographics and clinical
characteristics of participants

Eight-week diet and exercise program
results

A total of 198 participants in the program were initially
screened. Excluding 3 individuals who were younger than 18
years, 3 with anemia (hemoglobin <8.0 g/dL), and 18 with
medication for hypertension, diabetes mellitus, or hyperlipidemia, 174 eligible participants completed the programs.
Sixty-seven (38.5%) participants were diagnosed with metabolic syndrome (Figure 1). Most of the study population was
female 83.9% (146/174) with mean age and BMI of 40.5±11.0
years and 27.6±4.6 kg/m2, respectively. Baseline characteristics of the MetS and Non-MetS groups are shown in Table 1.

Before the program, despite the criteria of MetS (WC, SBP,
DBP, TG, FPG, and HDL-C), the height, weight, BMI, SGPT, UA, BFP, BMM, FSI, and HOMA-IR of the MetS
group were signiﬁcantly greater than in the non-MetS group
(all P<0.05). Stepwise multiple regression analysis was performed to elucidate independent determinants for baseline
HOMA-IR. It was shown that TG and BMI were positive
contributors to insulin resistance, and BMM was a negative
contributor. Associations with age, gender, WC, TC, HDLC, BFP, and BP were statistically excluded (Table 2).

As shown in Table 3, signiﬁcant improvements in most
anthropomorphic parameters were observed in both groups
after a short-term modiﬁcation. However, signiﬁcant
decreases in FPG, FSI, and HOMA-IR were noted only in
the MetS group (all P<0.01). The changes from baseline in
anthropomorphic parameters for the MetS and non-MetS
groups are shown in Figure 2. The MetS group had more
signiﬁcant changes in BMI, BW, FPG, FSI, HOMA-IR,
SBP, DBP, and TG than the non-MetS group. As shown in
Figure 3, through an eight-week diet and exercise program,
the number of MetS factors (WC, TG, SBP/DBP, and FPG)

198 subjects in programs
screened from 2015 May to
2017 August
Exclude
1. Age <18 total 3 subjects
2. Anemia total 3 subjects
3. Using oral antidiabetic drugs, statin,
anti-hypertension medication total 18
subjects

174 subjects enrolled

MetS
67 (38.5%) subjects

Non-MetS
107 (61.5%) subjects

Figure 1 Study ﬂow.
Abbreviation: MetS, metabolic syndrome.
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Table 1 Baseline demographic and clinical characteristics of patients in MetS and non-MetS groups: despite the criteria of MetS (WC,
SBP, DBP, TG, FPG, and HDL-C), the height, weight, BMI, S-GPT, UA, BFP, BMM, FSI, and HOMA-IR of the MetS group were
signiﬁcantly greater than in the non-MetS group (all P<0.05)
Characteristics

Total (mean±SD)
(n=174)

MetS (mean±SD)
(n=67)

Non-MetS (mean±SD)
(n=107)

P-value

Gender (female/male)
Age (year)

146/28
40.5±11.0

45/22
41.7±11.1

101/6
39.8±10.9

NS

Height (cm)

161.6±7.6

163.7±8.3

160.2±6.8

<0.05*

eGFR
S-GPT

113.7±21.7
28.5±21.4

110.6±21.8
40.4±26.4

115.7±21.5
21.1±13.1

NS
<0.001*

Uric acid (mg/dL)
Hemoglobin (g/dL)

5.5±1.3
13.4±1.2

6.0±1.2
13.8±1.3

5.2±1.3
13.1±1.0

<0.001*
NS

Weight (kg)

72.5±15.8

82.5±16.3

66.2±11.7

<0.001*

BMI (kg/m2)
WC (cm)

27.6±4.6
91.3±12.5

30.6±4.7
99.3±13.0

25.7±3.4
86.4±9.3

<0.001*
<0.001*

BFP (%)

36.8±6.1

38.4±7.1

35.8±5.2

<0.001*

BMM (kg)
BMP (%)

42.9±9.7
(59.2%)

47.8±11.7
(57.9%)

39.8±6.5
(60.1%)

<0.001*

Systolic BP (mmHg)

130.6±16.2

141.9±12.0

123.6±14.4

<0.001*

Diastolic BP (mmHg)
TC (mg/dL)

78.9±11.0
204.2±35.3

86.4±8.8
203.0±39.0

74.2±9.5
205.0±33.0

<0.001*
NS

TG (mg/dL)

114.7±77.0

165.9±95.3

82.6±36.1

<0.001*

HDL-C (mg/dL)
LDL-C (mg/dL)

53.1±13.0
124.7±29.7

44.8±8.9
125.8±29.3

58.3±12.4
123.9±28.5

<0.001*
NS

FPG (mg/dL)

96.6±18.2

105.8±23.6

90.8±10.3

<0.001*

FSI (mIU/L)
HOMA-IR

10.3±9.8
2.6±3.0

16.2±13.2
4.4±4.1

6.6±3.8
1.5±0.9

<0.001*
<0.001*

Notes: Values are presented as mean±SD. *P-value <0.05 and bold values are statistically signiﬁcant.
Abbreviations: NS, nonsigniﬁcant; eGFR, estimated glomerular ﬁltration rate; S-GPT, serum glutamate pyruvate transaminase; WC, waist circumference; BFP, body fat
percentage; BMM, body muscle mass; BMP, body mass percentage; BMI, body mass index; BP, blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; FSI, fasting serum insulin; HOMA-IR, homeostasis model assessment of
insulin resistance; MetS, metabolic syndrome.

Table 2 Multiple regression analysis for determinants of the degree of baseline HOMA-IR: only TG and BMI were positive
contributors and BMM was a negative contributor
Variable

Coefﬁcient

95% CI

Standardized coefﬁcient

P-value

TG

0.020

0.015 to 0.026

0.513

<0.001*

BMI

0.578

0.30 to 0.853

0.889

<0.001*

BMM
BFP

−0.156
−0.185

−0.265 to −0.048
−0.378 to 0.008

−0.504
−0.378

0.0048*
0.0597

Notes: *P<0.05 and bold values are statistically signiﬁcant.
Abbreviations: CI, conﬁdence interval; MetS, metabolic syndrome, HOMA-IR, homeostasis model assessment of insulin resistance; TG, triglyceride; BMI, body mass
index; BMM, body muscle mass; BFP, body fat percentage.

in the MetS group decreased (except for HDL-C), which led
to a 40.3% reduction in MetS prevalence.

Improved HOMA-IR after the program in
the MetS group
In the MetS group, we performed stepwise multiple
regression analysis to elucidate independent determinants
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for the degree of decrease in HOMA-IR after an eightweek program. It was shown that baseline HOMA-IR
level, decreased FPG, and decreased FSI were positive
contributors to change in HOMA-IR after the program.
This implied that the decrease in HOMA-IR was greater
in those with MetS with high baseline HOMA-IR level
and those with the greatest reduction of FPG or FSI.
However, associations with age, gender, WC, BMI, BFP,
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Table 3 Comparison of anthropometric parameters between
MetS and non-MetS groups at baseline and after an eight-week
LM program: signiﬁcant improvements in most anthropomorphic
parameters in both groups. Only signiﬁcant decreases in FPG,
FSI, and HOMA-IR in the MetS group (all P<0.01)

were statistically excluded (Table 4). Single regression
analysis showed that the change in HOMA-IR after the
program was positively associated with the baseline
HOMA-IR level (R=0.75, P<0.001) (Figure 4).

MetS (n=67)

Baseline

Final

P-value

Discussion

Weight

82.5±16.3

79.8±15.7

<0.001*

BMI (kg/m2)

30.6±4.7

29.6±4.4

<0.001*

WC (cm)
BMM (kg)

99.3±13.0
47.8±11.7

96.3±11.4
47.3±11.4

<0.001*
<0.001*

(BMP [%])

(57.9[%])

(59.3[%])

BFP (%)
FPG (mg/dL)

38.4±7.1
105.8

37.0±7.3
100.1

<0.001*
<0.001*

FSI (mIU/L)

±23.6
16.2±13.2

±16.2
11.3±8.1

<0.001*

HOMA-IR

4.4±4.1

2.9±2.7

<0.001*

TC (mg/dL)

203.0
±39.0

191.1
±36.9

<0.001*

TG (mg/dL)

165.9

131.2

<0.001*

HDL-C (mg/dL)

±95.3
44.8±8.9

±72.5
43.0±8.1

<0.01*

LDL-C (mg/dL)

125.8

118.0

<0.01*

Systolic BP (mmHg)

±29.3
141.9

±27.3
130.7

<0.001*

±12.0

±12.6

Diastolic BP (mmHg)
Non-MetS (n=107)

86.4±8.8
Baseline

78.9±8.1
Final

<0.001*
P-value

Weight (kg)

66.2±11.7

64.1±11.1

<0.001*

BMI (kg/m2)
WC (cm)

25.7±3.4
86.4±9.3

24.9±3.3
82.7±8.5

<0.001*
<0.001*

BMM (kg)

39.8±6.5

39.2±6.1

<0.001*

(BMP [%])
BFP (%)

(60.1%)
35.8±5.2

(61.2%)
34.4±5.4

<0.001*

FPG (mg/dL)

90.8±10.3

90±5.9

NS

FSI (mIU/L)
HOMA-IR

6.6±3.8
1.5±0.9

6.0±3.6
1.4±0.8

NS
NS

TC (mg/dL)

205.0

191.5

<0.001*

TG (mg/dL)

±33.0
82.6±36.1

±29.5
74.4±33.5

<0.01*

HDL-C (mg/dL)

58.3±12.4

55.8±11.7

<0.001*

LDL-C (mg/dL)

123.9
±28.5

113.6
±25.8

<0.001*

Systolic BP (mmHg)

123.6

116.5

<0.001*

Diastolic BP (mmHg)

±14.4
74.2±9.5

±12.7
70.6±8.1

<0.001*

In the current study, based on the baseline characteristics of 174 eligible Taiwanese participants, we found
that HOMA-IR was associated with high levels of TG
and high BMI, which was consistent with the study by
McLaughlin et al20,21 and other reports.22 BMM was
a negative contributor for insulin resistance, which was
like previous reports,23,24 and could be related to high
muscle mass resulting in increasing insulin-induced glucose uptake.25,26 Moreover, muscle quality was also
thought to play an important role in insulin
sensitivity.27–29 There is enough evidence in the present
literature to support the association between body fat
and insulin resistance.30,31 BFP in our study did not
show a statistically signiﬁcant role in affecting
HOMA-IR (coefﬁcient=−0.185, 95% CI=−0.378 to
0.008, P=0.0597), which could be due to small sample
size (n=174).
We demonstrated that the eight-week LM program
with low intensity could effectively achieve signiﬁcant
improvement in most anthropomorphic parameters in
both MetS and non-MetS groups at the community level.
Both MetS and non-MetS groups lost a signiﬁcant amount
of BW (−2.7±2.3 kg vs −2.1±1.7 kg, P<0.05), WC (−3.0
±4.4 cm vs –3.6±4.1 cm, NS), and BFP (−1.4±1.2% vs
−1.4±1.4%, NS) at eight weeks. A major ﬁnding of our
study was the signiﬁcant decreases of FPG, FSI, and
HOMA-IR in the MetS group. Through the eight-week
LM program, reductions in FPG, FSI, and HOMA-IR
were not associated with the changes of WC, BFP, and
BMM. Unlike LM programs lasting three to six months,
a short-term LM program with low intensity was enough
to improve glucose homeostasis in the MetS group and
minimize the risk of type 2 diabetes and atherosclerotic
cardiovascular disease. We suggested that insulin resistance was reversed by the early beneﬁt of exercise and
diet control. Changes in LM enhanced insulin signaling to
the liver and muscle to reestablish the normal disposal of
glucose, even before gross changes of body weight, body
fat, and muscle mass.32–34
Another interesting observation of the study was the
reduction of HDL-C following the short-term LM program. There are the existing evidences that HDL-C levels

Notes: *P-value <0.05 and bold values are statistically signiﬁcant.
Abbreviations: LM, lifestyle modiﬁcation; MetS, metabolic syndrome; NS, nonsigniﬁcant; BMI, body mass index; WC, waist circumference; BFP, body fat percentage;
BMM, body muscle mass; BMP, body mass percentage; FPG, fasting plasma glucose; FSI,
fasting serum insulin; HOMA-IR, homeostasis model assessment of insulin resistance;
TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; BP, blood pressure.

BMM, TC, TG, HDL-C, BP, and changes of anthropomorphic parameters (such as WC, BMI, BFP, and BMM)
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Figure 2 Changes from the baseline in anthropomorphic parameters for MetS and non-MetS groups after an eight-week diet and exercise program.
Abbreviation: MetS, metabolic syndrome.
Note: *P<0.05 is statistically signiﬁcant.

could be increased by aerobic exercise of substantial intensity, frequency, and duration.35–37 In contrast, low-fat diet
with weight loss tends to reduce HDL-C levels but to
modulate the anti-inﬂammatory properties of HDL,
which means HDL function maybe more important than
the HDL-C levels associated with cardiovascular
disease.38–42 In our study, signiﬁcant weight loss and
reduction of total cholesterol level following short-term
LM program with low intensity may be attributed to
healthy dietary with decrease of intake of calories, rather
than exercise. Low-intensity exercise did not ameliorate
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diet-induced reduction in HDL-C, suggesting an explanation for HDL-C reduction in our study.
Despite HDL-C reduction, there were signiﬁcant reductions in the number of participants who met the MetS criteria
for WC, TG, BP, and FPG levels in the MetS group in our
study. A 40.3% reduction in prevalence of MetS in the MetS
group was like results in previous studies, ranging from 31%
to 52.4%, after 6 to 12 months of dieting with/without exercise
intervention. For example, Esposito et al reported a 48%
reduction in the prevalence of MetS through 2 years of
a Mediterranean-style dietary intervention when compared
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Figure 3 Comparison before and after eight-week LM program of the number of participants with MetS criteria in the MetS group (total n=67).
Abbreviations: LM, lifestyle modiﬁcation; MetS, metabolic syndrome; WC, waist circumference; FPG, fasting plasma glucose; TG, triglyceride; HDL-C, high-density
lipoprotein cholesterol; SBP, systolic blood pressure.

Table 4 Multiple regression analysis for determinants of the degree of decrease in HOMA-IR after eight weeks of the program in the
MetS group: only baseline HOMA-IR level, decreased FPG, and decreased FSI were positive contributors to change in HOMA-IR after
the program
Variable

Coefﬁcient

95% CI

Standardized coefﬁcient

P-value

Baseline HOMA-IR

0.524

0.364–0.685

0.730

<0.001*

Change of FPG
Change of FSI

0.023
0.278

0.015–0.031
0.267–0.289

0.099
0.981

<0.001*
<0.001*

Notes: *P-value <0.05 and bold values are statistically signiﬁcant.
Abbreviations: CI, conﬁdence interval; MetS, metabolic syndrome; HOMA-IR, homeostasis model assessment of insulin resistance; FPG, fasting plasma glucose; FSI, fasting
serum insulin.
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Figure 4 Association between baseline HOMA-IR and change in HOMA-IR after eight-week LM program.
Abbreviations: LM, lifestyle modiﬁcation; HOMA-IR, homeostasis model assessment of insulin resistance.

with the control diet.43 A 35% reduction in the prevalence of
MetS after 6 months of LM with a DASH diet was reported by
Azadbakht et al.44 Bihan et al10 and Eui Geum et al45 reported
a 52.4% and 45.2% reduction in the prevalence of MetS after 6
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months of diet and exercise intervention, respectively. These
studies provided relatively intensive LM for participants,
which were unlikely to be a part of routine practice for most
people in many countries, not only in the degree of intensity
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but also the duration. Our study afﬁrmed that a short-term LM
program with low intensity was easily approached and effective for a community-based population in achieving
a reduction of weight and body fat in the whole group, especially improvement of insulin resistance in the MetS group and
regression of MetS. Our study also suggested that baseline
HOMA-IR level was the identiﬁable predictor of response to
the short-term LM program with low intensity for people with
MetS in a community environment.

Limitations
There were some limitations in our study. First of all, this
was a retrospective study with a small sample size. The
number of male samples was signiﬁcantly lower than the
females due to clustering sampling, and the females may
have more health awareness and attitudes to join the program. The 174 volunteer participants were probably more
conscious of their own health conditions than the general
population, which may not be directly generalized to
a community setting. Second, although we focus on the
encouraging results of a short-term, low-intensive program, however, the uncertain long-term outcomes are
worth for more further investigation.

Conclusion
In conclusion, we demonstrate a short-term (eight-week), lowintensive but easy to complete LM program for a communitybased population, which is an effective and efﬁcient way to
improve the anthropomorphic parameters and to reduce insulin resistance, especially for adults with MetS.
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